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§ 12. Plasma I nstabil ities and Coli ision less 
Reconnection in a Current Sheet 
Horiuchi, R., Sato, T. 
Dynamical evolution of plasma instabilities and 
collisionless reconnection in a current sheet is in-
vestigated by means of a three-dimensional elec-
tromagnetic particle simulation[l]. Figure 1 illus-
trates the spatiotemporal structure of the drift kink 
(DK) mode B~n=l) (top) and the lower hybrid drift 
(LHD) mode Ein=2) (middle), the absolute values 
of the current density (bottom) in the (t, y) plane. 
Magnetically neutral sheet exists along the mid-
horizontal line. The LHD instability grows in the 
periphery in early phase (second) and the DK in-
stability is triggered near the neutral sheet after the 
LHD instability is nonlinearly saturated (top). The 
nonlinear evolution of the LHD mode leads to the 
flattening of the current profile in the periphery and 
the current peaking in the central region (bottom). 
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Figure 1: Spatiotemporal structure of the DK mode 
(top), the LHD mode (middle), and the current den-
sity (bottom) in the ( t, y) space. 
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The temporal evolution of five spatial scales are 
plotted in Fig. 2. The half-width of the current 
layer d jz is nearly equal to the ion Larmor radius 
Pi in the initial profile. The width djz starts to de-
crease and reaches its minimum value after the non-
linear saturation of the LHD instability, while the 
ion Larmor radius remains almost constant. The 
DK instability is triggered at the period wcet > 360 
when the width decreases much below Pi (djz ~ 
0.7 Pi) The nonlinear evolution of the DK instabil-
ity leads to the flattening of the current profile in 
the central region and the width djz approaches Pi 
for wcet > 1300. Then, the DK mode is stabilized 
again because of djz ~ Pi. Thus, the behavior of the 
DK instability is strongly correlated with the ratio 
of the half-width djz to the ion Larmor radius Pi. 
On the other hand, the behavior of the DK instabil-
ity is almost independent of the electron skin depth 
c/wpe , the ion skin depth C/Wpi, and the electron 
meandering amplitude lme. It is also found that the 
reconnection electric field is generated at the neu-
tral sheet in accordance with the excitation of the 
DK instability. 
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Figure 2: Temporal evolution of five spatial scales 
for the same case as Fig. 1. 
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